Abstract Investigation on the characteristic pattern of enzymes in various organisms may be of particular importance, as this type of information can help to understand certain physiological and biochemical processes in living organisms. Thiosulfate: cyanide sulfurtransferase (rhodanese) is a ubiquitous multifunctional enzyme, which its major function is generally believed to be in cyanide detoxification. The present study was conducted to determine the activity of this enzyme in some parasitic helminths including, cestodes (Moniezia benedeni, Helicometra giardi), trematodes (Fasciola hepatica, Fasciola gigantica, Dicrocoelium dendriticum) and nematodes (Haemonchus longistipes, Marshalagia marshalli).
Introduction
Thiosulfate: cyanide sulfurtransferase (EC 2.8.1.1) or rhodanese is a ubiquitous enzyme that is active in all living organisms, from bacteria to Homo sapiens and plants (Nagahara et al. 1999; Aminlari et al. 2000; Agboola and Okonji 2004) . In vitro, the enzyme catalyzes the irreversible transfer of a sulfane sulfur atom from a suitable donor (i.e., thiosulfate) to cyanide, leading to formation of less toxic sulfite and thiocyanate (Raybuck 1992) .
In spite of extensive studies, the true biological role of this enzyme is still controversial. In those species of organisms in which rhodanese is present, it is thought to play a role in cyanide detoxification (Beesley et al. 1985; Raybuck 1992) . The role of rhodanese in cyanide detoxification has been known for many years (Sorbo 1953) and is supported by the high concentration of this enzyme in some mammalian tissues and organs (e.g., the liver) exposed to cyanide (Sylvester and Sander 1990; Aminlari and Gilanpour 1991) . In plants, a close relationship exists between rhodanese activity and cyanogenesis, which suggests that the enzyme provides a mechanism for cyanide detoxification in cyanogenic plants (Smith and Urbanska 1986) . It has been proposed that the enzyme might be involved in other important roles including, formation of iron sulfur centers, participation in selenium metabolism and thiamine biosynthesis, participation in energy metabolism, and functions as a thioredoxin oxidase (Smith and Urbanska 1986; Nandi et al. 2000; Bordo and Bork 2002) .
Cyanide toxicity is mainly due to its affinity for the terminal cytochrome oxidase in the mitochondrial respiratory chain (Nagahara et al. 1999) . Many insects and other invertebrates are highly tolerant to cyanide exposure and rhodanese activity has often been assumed to enable herbivorous insects to feed on cyanogenic foliage with impunity (Jones 1972; Conn 1979) . Parasitic helminths, in general, are much less sensitive to cyanide than mammals. Cyanide-insensitive respiration-i.e. where oxygen uptake occurs in the presence of cyanide-is characteristic of most parasitic helminths (Smyth and McManus 1989) , thereby may rendering this species less susceptible to cyanide toxicity. This unique metabolic feature bring into question whether presence of rhodanese is important for cyanide detoxification in these organisms.
The pattern of distribution of rhodanese in different animals appears to be highly species and tissue specific (Aminlari et al. 2000) . Also, the activity of the enzyme in a particular tissue may reflect the ability of that tissue to detoxify cyanide (Al-Qarawi et al. 2001 ). Presence of thiosulfate: cyanide sulfurtransferase, the main enzyme involved in cyanide detoxification, had been studied extensively amongst a wide range of organisms while far less is known for parasitic helminths, which have some degrees of cyanide tolerance. This study was conducted to determine the activity of this enzyme in some species of parasitic helminths.
Materials and methods
Parasitic helminths including, cestodes (Moniezia benedeni, Helicometra giardi), trematodes (Fasciola hepatica, Fasciola gigantica, Dicrocoelium dendriticum) and nematodes (Haemonchus longistipes, Marshalagia marshalli) were obtained from freshly-slaughtered animals in the Mashhad slaughter house. The worms were washed well to remove host material and saved directly in an ice box during transportation to the Lab. Crude extract was prepared by homogenization of the samples using 50 mM sodium phosphate buffer, pH 7.2. The homogenates were centrifuged for 15 min at 4,0009g and supernatants were used as the source of enzyme. Three independent determinations were made for each parasite and for species with small sizes; helminths were pooled for each enzyme assay.
The rhodanese content of the parasites was assayed based on the colorimetric determination of thiocyanate (Sorbo 1953) , as described by Aminlari et al. (2000) . In this case thiocyanate produced by the action of the enzyme on cyanide and thiosulphate, is reacted with ferric nitrate reagent to produce a red coloured complex which can be estimated colorimetrically at 460 nm. The unit of enzyme activity was defined as micromole of thiocyanate formed per minute under assay conditions. Rhodanes activity is reported as enzyme units/g wet weight of the parasite.
Results
The activity of thiosulfate: cyanide sulfurtransferase in crude extracts obtained from examined parasites is given in Table 1 . It appears that all parasites investigated contain the enzyme activity, although, the enzyme activities were in different levels in species of helminths.
Discussion
Investigation on the characteristic pattern of enzymes in various organisms may be of particular importance, as this type of information can help to understand certain physiological and biochemical processes in living organisms. Living organisms employ a variety of metabolic pathways when detoxifying xenobiotic compounds. Many insects and also mammalians are known to have the enzyme thiosulfate: cyanide sulfurtransferase, which catalyses sulphate transfer to detoxify cyanide and is therefore a widespread mode of detoxification (Parsons and Rothschild 1964; Seigler 1991) . The ability of animals to feed on cyanogenic plants should be correlated with the amounts of detoxifying enzymes that they possess (Conn 1979) . It has been suggested that the level of rhodanese in different tissues of animals is correlated with the level of exposure to cyanide (Aminlari et al. 2000; Al-Qarawi et al. 2001) .
The data resultant from this study indicates that at least some rhodanese activity is present in all parasitic helminths sampled. In agreement with this study, Bertran (1952) found rhodanese activity in several internal parasites including larvae of the horse botfly (Gasterophilus intestinalis) and suggested that it was the major mechanism for enabling them to survive in the stomach of clover-feeding horses. The enzyme activity had been observed in the present study in some parasitic helminths is very lower compared to the previously reported values (Aminlari and Gilanpour 1991; Nazifi et al. 2003) for some tissues of their hosts. Similarly, Beesley et al. (1985) assayed for rhodanese in 44 species of insects and found that it occurs at much lower levels than in vertebrates. Moreover, it has been reported that the rat liver had about ten-fold higher Each value is the mean ± SEM of 3 independent experiments rhodanese activity than the southern armyworm (Spodoptera erldanla Cramer), although the activity level in the rat small intestine was quite comparable to that in the southern armyworm (Long and Brattsten 1982) . Parasitic helminths exhibit greater diversity in their metabolic pathways than do the host animals that may be as adaptations to their natural habitats (Kita et al. 1997; Marr et al. 2003) . Extensive evidences have shown that parasitic helminths possess a respiratory chain which differs from the mammalian system in being branched and possessing multiple terminal oxidases. Mitochondria from these organisms use unsaturated organic acids in addition to oxygen as terminal electron acceptors, and cyanide-insensitive electron-transport-associated ATP synthesis is coupled to the excretion of reduced organic acids as endproducts of carbohydrate metabolism (Marr et al. 2003) . This cyanide-resistant respiratory chain in parasitic helminths may cause some degrees of cyanide tolerance in these organisms and less rhodanese enzymatic activity observed in the present study may be related to cyanide insensitivity in these organisms. It has been also reported that cyanide detoxification may not be the primary role of rhodanese in insects (Beesley et al. 1985; Saidu 2004) . Nevertheless, as above mentioned, all studied helminths had at least some rhodanese activity which suggests its involvement in certain biochemical processes in parasitic helminths.
Examined parasitic helminths are taxonomically diverse and inhabiting various environments, including abomasum (H. longistipes, M. marshalli), intestine (M. benedeni, H. giardi) and bile duct (F. hepatica, F. gigantica, D. dendriticum) of the hosts. These habitats exhibit a wide range of physicochemical characteristics. Moreover, the nutritional materials available to helminths in various habitats are different in composition. For instance, the cyanide exposure potential may be considered relatively high in gastrointestinal helminths of ruminants. In these animals, the enzymatic action of microflora of rumen and other parts of the digestive system on cyanogenic glycosides ingested through foodstuff librates hydrogen cyanide (Wood 1975) . However, as the results of the present study showed approximately similar values of rhodanese activity was observed in all sampled helminths. Therefore, habitat, type of feed and environmental conditions does not appear to influence the rhodanese activity of examined parasites.
In conclusion, thiosulphate: cyanide sulphur transferase activity was detected in all seven parasitic species examined, although its activity was much lower in comparison with previously reported values for some tissues of their vertebrate hosts. Additionally, low activities of rhodanese detected in examined helminths might be associated with their cyanide-insensitive respiration. On the other hand, it may be suggested that cyanide detoxification may not be a primary benefit of rhodanese in parasitic helminths and the true physiological and biochemical functions of the enzyme remains to be further defined in such organisms.
